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The object of the present invention 1s to provide an image
display apparatus, an 1image processing apparatus, and an
image display method that are able to display images without
motion blur without increasing the transmitted amount of
image signal. An 1mage display apparatus of the mvention
comprises an 1mage reception unit that receives an 1mage
signal; a gray-level correction unit that corrects image signals
cach corresponding to sub-frames consisting of a plurality of
pixel groups split from the recerved mage signal, using
respective grayscale characteristics different from sub-frame
to sub-frame; and an 1mage display unit that displays the
frame 1mage by successively displaying the sub-frame
images each having been gray-level-corrected.
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FIG. 14
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FIG. 17
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IMAGE DISPLAY APPARATUS, IMAGL
PROCESSING APPARATUS, AND IMAGE
DISPLAY METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to image display apparatuses,
1mage processing apparatuses, and image display methods.

2. Description of the Prior Art

Display devices such as liquid crystal displays, plasma
displays, electroluminescence (EL) displays, and digital mir-
ror devices (DMD), which modulate, by mirror reflection or
optical interference, pixels discretely arranged 1n a matrix to
display 1images, are employed in various image display appa-
ratuses such as flat-panel televisions and projection televi-
s1ons as well as projectors and monitors for computers. These
display devices having pixels arranged 1in a matrix can be
classified 1nto a hold type display that uses a liquid crystal or
EL with an active matrix drive circuit and a pulse-width-
modulation type display that uses plasma or a DMD to pro-
duce gray-levels by varying duration of 1llumination or expo-
sure, which are distinguished from an impulse type display
that uses a cathode ray tube (cold cathode ray tube or Braun
tube). In the hold type display and the pulse-width-modula-
tion type display, when motion pictures are viewed, deterio-
ration 1n 1mage quality—most notably as motion blur—may
sometimes occur due to deviation between movements of the
display-position of a moving object and the human view-
point. Hence, an image processing method has been disclosed
for improving such displays, in which interpolated frames are
interposed between temporally neighboring frames to
improve image quality (for example, refer to Japanese Patent
Application Publication No. 2004-357213, par. [0017] and
FIG. 2).

In recent years, on the other hand, a wide spread of high-
definition broadcasting and a significant increase in computer
processing speed have propelled displays to rapid progress
toward high definition. While display devices have also devel-
oped toward high definition along with these movements, the
progress of display devices toward high definition not only
needs high processing accuracy but also 1s a factor that con-
tributes to increasing manufacturing costs due to reduction in
yield and the like. In such situation, a method has been dis-
closed 1 which a high-definition 1image 1s displayed by an
image display unit having fewer pixels than those contained
in an inputted 1mage using a display technique of pixel shift-
ing or wobbling (for example, refer to Japanese Patent Appli-
cation Publication No. H10-210391, par. [0018] and FIG. 3).

The image processing method that interposes interpolated
frames as described above needs to increase the number of
images displayed per second by increasing the frame fre-
quency. For that reason, there has been a problem that causes
increase ol the transmission amount of 1mage signal and
complexity of the circuit configuration.

In particular, employing a display technique of shifting
pixels 1n such 1mage processing method needs to generate
split sub-Irames of interpolated frames for the pixel shifting,
which has posed a problem that causes, to a greater extent,
increase ol the transmission amount ol 1mage signal and
complexity of the circuit configuration.

SUMMARY OF THE INVENTION

The present mnvention 1s made 1n light of the above prob-
lems, and an object of the ivention 1s to provide an 1image
display apparatus, an 1mage processing apparatus, and an
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2

image display method that are able to display images without
motion blur without increasing the amount of 1mage signal
transmission.

An 1mage display apparatus according to an aspect of the
invention displays a frame 1mage by successively displaying
sub-frame 1mages consisting of a plurality of respective pixel
groups split from the frame 1mage, and comprises an 1image
reception unit for receiving an image signal; a gray-level
correction unit for correcting 1image signals each being split
from the received image signal and corresponding to the
sub-frames, using respective grayscale characteristics differ-
ent from sub-frame to sub-frame; and an 1mage display unit
for displaying the sub-frame images of the image signals
having been corrected by using the respective different gray-
scale characteristics.

An 1mage display apparatus according to another aspect of
the mvention performs using a display technique of pixel
shifting a high density display of the received image signal by
an 1mage display unit having fewer pixels than those 1n the
received 1mage signal, and comprises a sampling unit having
at least two sampling phases diflerent from each other, for
sampling at the sampling phases from the received image
signal, second 1mage signals each having the same number of
pixels as the image display unit, wherein the image display
unit displays, using the pixel shifting, image signals having
been corrected from the second image signals by using the
respective different grayscale characteristics, as image sig-
nals corresponding to the respective sub-frame 1mages.

An 1mage display apparatus according to still another
aspect of the invention further comprises an 1mage combining
unit for combining the image signals each having been cor-
rected from the second image signals by using the respective
different grayscale characteristics, to output the combined
image signal, wherein the image display unit splits the com-
bined image signal combined by the image combining unit
into a plurality of third image signals each having the same
number of pixels as the image display umit, to display using
the pixel shifting the third signals as 1mage signals corre-
sponding to the respective sub-frame images.

An 1mage processing apparatus according to the imvention
1s adapted for an 1image display apparatus that performs a high
density display using a display technique of pixel shifting by
an 1mage display unit having fewer pixels than those 1n a
received 1mage signal, and comprises a sampling unit having
at least two sampling phases diflerent from each other, for
sampling at the sampling phases from the received image
signal, second 1mage signals each having the same number of
pixels as the image display unit; a gray-level correction unit
for correcting the second image signals using respective gray-
scale characteristics different from each other; and an 1mage
combining unit for combining the image signals having been
corrected from the respective second 1image signals, to output
third 1mage signals constituting one frame 1mage.

An 1mage display method according to the mvention dis-
plays a frame 1image by successively displaying sub-frame
images consisting of a plurality of respective pixel groups
split from the frame 1mage, and comprises an 1mage reception
step of recelving an 1mage signal; a gray-level correction step
of correcting image signals each being split from the 1image
signal recerved 1n the 1image reception step and corresponding
to the sub-frames using respective grayscale characteristics
different from sub-irame to sub-irame; and an image display
step of displaying the sub-frame images of image signals
having been corrected by using the respective different gray-
scale characteristics.

According to an 1mage display apparatus, an 1image pro-
cessing apparatus, and an 1mage display method of the
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present ivention, images are displayed using sub-frames
being subject to gray-level corrections having characteristics
different from each other. The 1mages can thereby be dis-
played even with a smaller number of pixels, 1.e., fewer pixels
to be transmitted to the image display unit per unit time,
without reducing quality of moving images.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram 1llustrating a configuration of an
image display apparatus according to Embodiment 1 of the
present invention;

FI1G. 2 1s an 1llustration for explaiming an 1image signal B in
the 1image display apparatus according to Embodiment 1 of
the 1nvention:

FIG. 3 shows 1llustrations for explaining image signals C
and D 1n the image display apparatus according to Embodi-

ment 1 of the invention;

FIG. 4 shows 1llustrations for explaining image signals -
and F 1n the image display apparatus according to Embodi-
ment 1 of the invention;

FI1G. 5 15 a chart for explaining grayscale characteristics of
gray-level corrections in the image display apparatus accord-
ing to Embodiment 1 of the invention;

FIG. 6 1s an illustration for explaining an image signal G in
the 1mage display apparatus according to Embodiment 1 of
the invention;

FIG. 7 1s an 1llustration for explaining an operation of an
image display unit in the image display apparatus according
to Embodiment 1 of the invention;

FIG. 8 shows 1llustrations for explaining the operation of
the image display umit in the image display apparatus accord-

ing to Embodiment 1 of the invention;

FI1G. 9 shows illustrations for explaining a characteristic of
visual recognition of moving images in a conventional image
display apparatus;

FI1G. 10 shows illustrations for explaining a characteristic
of visual recognition of moving images in the image display
apparatus according to Embodiment 1 of the invention;

FIG. 11 1s a block diagram illustrating an image display
apparatus according to Embodiment 2 of the present imnven-
tion;

FIG. 12 1s a block diagram for explaining in detail a high-
frequency correction unit in the image display apparatus
according to Embodiment 2 of the invention;

FIG. 13 shows charts for explaining an operation of the
high-frequency correction unit in the image display apparatus
according to Embodiment 2 of the invention;

FIG. 14 shows charts for explaining the operation of the
high-frequency correction unit in the image display apparatus
according to Embodiment 2 of the invention;

FIG. 15 shows charts for explaining the operation of the
high-frequency correction unit in the image display apparatus
according to Embodiment 2 of the mvention;

FIG. 16 1s a block diagram for explaining in detail a high-
frequency correction unit 1 an i1mage display apparatus
according to Embodiment 3 of the present invention;

FIG. 17 shows charts for explaining an operation of the
high-frequency correction unit in the image display apparatus
according to Embodiment 3 of the invention;

FIG. 18 shows charts for explaining the operation of the
high-frequency correction unit in the image display apparatus
according to Embodiment 3 of the invention; and

FIG. 19 shows charts for explaining the operation of the
high-frequency correction unit in the image display apparatus
according to Embodiment 3 of the invention.
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4
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

FIG. 1 1s a block diagram 1illustrating a configuration of an
image display apparatus 8 according to the present invention.
In addition to the image display apparatus 8, an 1image gen-
eration unit 1 1s shown in FI1G. 1, which 1s disposed outside the
image display apparatus 8 and generates 1mages to be dis-
played thereby. The image generation unit 1 transmits the
image signal to the image display device 8 by outputting the
signal 1n an analog or a digital form through an electrically
connected cable, or by outputting the image signal using a
radio wave, light, or the like.

The configuration of the image display apparatus as well as
individual processes thereol will be explained below.
Image Reception Process

An 1mage signal A outputted by the image generation unit
1 1s inputted 1nto an 1mage reception unit 2 of the 1image
display apparatus 8. The image reception unit 2 converts the
received 1image signal A 1nto 1mage data to be subsequently
processed. The conversion 1s performed 1n accordance with a
transmission form of the image signal A: for example, an
analog-to-digital conversion when the image signal A 1s an
analog signal and a serial-to-parallel conversion when the
image signal A 1s a serial digital image signal are concervable.
In addition, when a received image signal includes luminance
and chrominance components, the image signal may be con-
verted to an 1mage signal including color signals such as red,
green, and blue.
Sampling Process

An image signal B outputted from the 1mage reception unit
2 1s mputted into a sampling unit 3. The sampling unit 3
generates 1mage signals C and D by resampling them on a
predetermined pixels basis at different sampling phases from
the 1mage signal B corresponding to one frame image. In
other words, the image signals C and D are generated by being
resampled so that the image signal B 1s split thereinto. Here,
the image signals C and D each are resampled to have pixels
the number of which 1s that of pixels displayed 1n a display
device used 1n an 1mage display umit 7, which will be
C
t

escribed later, so that the signals each contain fewer pixels
nan those in the image signal B. For example, when the
image display unit 7 has half the number of pixels as that of
pixels 1n the mputted image signal A, the sampling unit 3
generates the image signals C and D by sampling them from
the signal B with half the sampling number of pixels as that of
pixels contained therein. Moreover, by varying the sampling
phases for the image signals C and D, full image information
in the 1image signal B can be split into the image signals C and
D.
Gray-Level Correction Process

A gray-level correction unit 4 includes two gray-level cor-
rection sections 4A and 4B, and the image signals C and D
outputted from the sampling unit 3 are inputted into the gray-
level correction sections 4A and 4B, respectively. The gray-
level correction unit 4 performs a grayscale-conversion of the
inputted image signals C and D 1n accordance with respective
lookup tables (hereinaiter, referred to as LUTs) having pre-
determined grayscale characteristics different from each
other, to output the converted signals as image signals E and
F, respectively.
Image combining Process

An 1mage combining unit 6 generates a combined 1mage
signal G to reconstruct one frame 1image, by spatially com-
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bining the 1image signals E and F that have been resampled by
the sampling unit 3 and grayscale-converted by the gray-level
correction unit 4.

Image Display Process

The combined image signal G combined by the image
combining unit 6 1s transmitted to the 1image display unit 7.
The image display unmit 7 splits according to a predetermined
processing the combined image signal G into 1image signals H
corresponding to a plurality of sub-frame images, to display
images corresponding to the original frame by successively
displaying the plurality of split sub-frame 1mages with dis-
play positions of their pixels being shifted.

The processing of image signals 1n each process described
above will be explained in detail below.

FIG. 2 1llustrates part of the image signal B(t) outputted by
the 1mage reception unit 2 at a frame t in the 1mage reception
process. The circle marks on the cross points of the dashed
straight lines each represent a pixel.

FI1G. 3 1llustrates parts of pixels resampled by the sampling
unit 3 from the image signal B(t) at the frame t, which 1s
shown 1 FIG. 2, in the sampling process. Expressing each
pixel 1n the image signal B(t) as Pb(x, y, 1), pixels sampled as
the 1mage signals C(t) and D(t) are given as below:

Pbx,vn)=(2(n-1)+(y%2),y,¢) and

Pox,vH)=(2(n-1)+((y+1)%2).v,1), respectively,

where n 1s an integer more than or equal to one, and (a % b)
denotes a residue when a 1s divided by b.

FI1G. 4 illustrates parts of the image signals E(t) and F(t)
outputted by the gray-level correction unit 4 1n the gray-level
correction process. The gray-level correction unit 4 performs
in accordance with the respective LUTs prepared 1n advance
the grayscale-conversion of the inputted 1mage signals C(t)
and D(t), to output the image signals E(t) and F(t), respec-
tively.

FIG. 5 shows an example of characteristics of the LUTSs
that the gray-level correction unit 4 refers to. A gray-level
correction performed 1n the gray-level correction section 4A
by referring to an LUT1 indicated by the solid line has a
characteristic that makes halftones 1n an inputted signal
brighter. A gray-level correction performed in the gray-level
correction section 4B by referring to an LUT2 indicated by
the dashed-dotted line, 1n contrast, has a different grayscale
characteristic that makes halftones 1 an inputted signal
darker.

For example, the image signal B(t) received at a frame t in
the 1mage reception unit 2 1s assumed to be an 1mage signal of
a constant gray-level B(t). In this case, the image signals C(t)
and D(t) resampled by the sampling unit 3 also become image
signals each having the constant gray-level B(t) as below:

C()=D(t)=B(1).

Performing the grayscale conversion of the image signals C(t)
and D(t) i the gray-level correction sections 4A and 4B,
respectively, the image signal C(t) inputted into the gray-level
correction section 4A 1s corrected to a brighter gray-level E(t)
because of reference to the LUT1; on the other hand, the
image signal D(t) inputted into the gray-level correction sec-

tion 4B 1s corrected to a darker gray-level F(t) because of
reference to the LUT2:

F(n)<B(t)<E(r).

It1s noted here that the larger a gray-level value 1s, the brighter
its 1mage 1s.

FI1G. 6 1llustrates the combined image signal G(t) outputted
by the 1mage combiming unit 6 in the 1mage combiming pro-
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cess. Pixel groups of image signals E(t) and F(t) outputted
from the gray-level correction sections 4A and 4B, respec-
tively, each are spatially combined and outputted to the image
display unit 7 as the combined 1image signal G(t) correspond-
ing to one frame 1mage.

FIG. 7 illustrates timings of displaying the combined
image signal G with pixels being shifted, by the image display
unmit 7 1n the image display process. As shown 1n FIG. 7, the
image display unit 7 splits the inputted combined 1mage sig-
nal G into 1mage signals H(t) and H(t+0.5), to successively
display them as two split sub-frames. Thus, at the timing of
the sub-frame corresponding to the image signal H(t), pixels
in the 1mage signal G(t), which are indicated by the triangle
marks 1n FIG. 6, are displayed; and at the timing of the
sub-frame corresponding to the image signal H(t+0.5), pixels
indicated by the square marks 1n FIG. 6 are displayed. In other
words, at the timing of the image signal H(t), the same image
as that when using the image signal E(t) shown 1n FIG. 4 1s
displayed, and at the timing of the image signal H(t+0.5), the
same 1mage as that when using the 1image signal F(t) shown in
FIG. 4 1s displayed. That 1s, at the timing of the H(t) {frame, an
image 1s displayed with 1ts halftones having been corrected to
be brighter, and at the timing of the H(t+0.5) frame, 1n con-
trast, an 1mage 1s displayed with 1ts halftones having been
corrected to be darker.

FIG. 8 1llustrates a method of displaying the combined
image signal G(t) with pixels being shifted, by the image
display unit 7. Pixels displayed by the image display unit 7 are
shown on the left of the figure, and on the right thereoft, the
pixels are shown that are split into two-sub-frames by the
image display unit 7 from the combined image signal G(t)
combined by the image combining unit 6.

The image display unit 7, as shown 1n FIG. 8, has half the
number of pixels as that in the combined 1mage signal G.
Here, a case 1s shown in which half pixels of an inputted
image signal are arranged in a staggered grid pattern. For
example, when pixels are displayed at a frame t 1n positions
shown on the top left of FIG. 8, pixels are to be displayed at
the frame t+0.5 1n positions shifted downwards by one row. At
that time, the 1mage display unit 7 extracts from the inputted
combined 1mage signal G, pixels each expressed by

Ph=(2(n=1)+(1%2) 1)
and pixels each expressed by
Po=(2(n-1)+((y+1)%2)..1),

to display them as the image signal H(t) corresponding to a
first sub-frame (sub-1rame t) and as the image signal H(t+0.5)
corresponding to a second sub-frame (sub-frame t+0.5),
respectively. Here, n 1s an integer more than or equal to one,
and (a % b) denotes a residue when a 1s divided by b.

In this way, one frame 1image of the combined 1image signal
G(t) 1s split into two sub-frames t and t+0.5 to be displayed by
the display image unit 7 in coordination with the pixel shifting
operation thereof.

FIG. 91llustrates the principle how a motion blur 1s visually
recognized 1n a hold type display device.

In the hold type display device, when a white object 1s
displayed moving from the left to the right on a black back-
ground, a relation between time and display positions of the
white object are illustrated on the left of FIG. 9. The horizon-
tal and vertical axes denote horizontal positions on the display
device and time, respectively. The solid lines indicate the
center position of the white object, which expresses that the
white object, while 1t 1s displayed at the same position during
one frame period, moves like a frame-by-frame advance on a
frame basis. The dashed-line arrows indicate movements of
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the viewpoint. With increase of the frame advance speed to
some extent, the human eye smoothly follows the white
object as 11 1t actually moves.

A movement of the white object image on the retina with
respect to a horizontal position 1s illustrated on the right of
FIG. 9. The center position of the object swings left and right
on the retina, so that the object movement 1s visually recog-
nized as a motion blur as a result of the amount of swing being,
integrated.

FI1G. 10 illustrates the principle how a motion blur occurs
when the combined image signal G i1s displayed using the
pixel shifting operation 1n the 1mage display unit 7, which
signal 1s obtained 1n the 1mage combining unit 6 by combin-
ing the image signals E and F that have been gray-level-
corrected, using the respective grayscale characteristics dii-
ferent from each other, 1n the gray-level correction sections
4A and 4B from the image signals C and D, respectively, that
are split by being resampled from the recerved image signal B
in the sampling unit 3.

Since 1n the image display umt 7 a frame 1image corre-
sponding to the combined 1mage signal G 1s split into two
sub-frame 1mages to be displayed with the pixel shifting
being performed, the image signal E having been corrected to
an brighter image 1n the gray-level correction section 4A and
the 1mage signal F having been corrected to an darker image
in the gray-level correction section 4B are displayed one after
another during the half cycle of the recerved image signal B.

If the object has the same moving speed 1n FIGS. 9 and 10,
since the display time of the brighter image 1s shortened 1n the
case shown 1n FI1G. 10, the integrated amount of left and right
swing ol the object center position on the retina becomes less
in comparison with that in the case shown i FIG. 9, which
results 1 reduction 1n the amount of motion blur being visu-
ally recogmzed.

In the method that splits one frame 1nto sub-frames to
display in the 1image display unit 7, one sub-frame 1mage, as
a matter of course, decreases 1in resolution 1n comparison with
the one frame 1mage. In particular, when the 1mage signal A
includes motion pictures, since their displayed images are
different from sub-frame to sub-frame, a high definition due
to the temporally integrating effect of the eye would not be
expected.

However, when moving images are actually viewed, a spa-
tial resolution of the eye also decreases because the viewpoint
moves following the object 1n the 1images, so that the high
definition 1s not very necessary. Moreover, the amount of
motion blur, which 1s a specific problem with hold type and
pulse-width-modulation type display devices, can be reduced
in the present invention, so that performance of displaying
motion pictures can be improved.

As explained above, by sampling a plurality of pixel groups
to split an mnputted image signal thereinto and by displaying at
different timings each pixel group after having been gray-
level-corrected by using respective grayscale characteristics
different from each other, image quality in displaying motion
pictures can be improved without increasing the transmission
amount ol 1image signal to be transmitted to an image display
unit per unit time.

While 1n Embodiment 1 the explanation 1s made on the
case 1n which one frame 1mage 1s split into two pixel groups
1.€., two sub-frame 1mages to display each of them using a
display technique of pixel shifting, in order to obtain the
elfect of reducing motion blur, 1t 1s not necessary to limit to an
image display apparatus that uses a display technique of pixel
shifting. For example, in a case of displaying images using an
interlace method that constructs one frame 1mage with two
successive fields (sub-frames), by performing a gray-level
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correction on a field (sub-frame) basis using grayscale char-
acteristics different from each other, image quality in display-
ing motion pictures, as described above, can be improved
without increasing the amount of image signal to be transmit-
ted to an image display unit per unit time. In this case, since an
image signal 1s receirved 1n a state ol originally separated
fields (sub-frames), the output of the 1mage reception unit 2
may be inputted directly mto the gray-level correction unit 4
with the sampling unit 3 being eliminated, as long as the
gray-level correction unit 4 can sample by 1tself image signals
in synchronism with the timings of the fields (sub-irames).

Moreover, for an 1mage display apparatus, which uses a
conventional display technique of image shifting, having an
image display unit 7 that 1s able to display images using a
display technique of pixel shifting by splitting a given one
frame of a combined image signal G(t) into image signals H(t)
and H(t+0.35) corresponding to sub-frames, an image display
apparatus 8 of Embodiment 1 can be obtained by adding to the
circuit of the image display apparatus an 1image processing
apparatus having the sampling unit 3, the gray-level correc-
tion unit 4, and the 1mage combining unit 6.

In addition, 1n a case of using for the 1mage display unit 7
a display unit having 1n itself no function of splitting the
combined 1image signal G, the image signals E and F may be
directly outputted from the gray-level correction unit 4 to the
display unit, with the 1mage combining unit 6 being elimi-
nated. In this case, the image shifting operation, as a matter of
course, needs to be synchronized with the image signals E and
F.

While in Embodiment 1 the explanation 1s made on the
case 1n which the resampling phase number in the sampling
unit 3 and the split number of sub-frames 1n the image display
unit 7 are both two, the effect of the mnvention 1s brought about
in cases not limited to that: the same effect, as a matter of
course, can be brought about even in a case of using both
numbers being more than two, for example, the phase number
of resampling being four.

In other words, according to the Embodiment 1, the image
display apparatus 8 that displays a frame 1mage by succes-
stvely displaying sub-frame 1mages consisting of a plurality
of respective pixel groups split from the frame 1mage, com-
prises the 1mage reception unit 2 that receives the image
signal A; the gray-level correction unit 4 that corrects using,
grayscale characteristics different from sub-iframe to sub-
frame the 1image signals C and D each corresponding to the
sub-frames and split from the signal A received by the image
reception unit 2 or from the image signal B converted from the
signal A; and the image display unit 7 that displays the sub-
frame 1mages of the image signals corrected by using the
respective different grayscale characteristics. Therefore,
image quality 1in displaying motion pictures can be improved
without 1ncreasing the amount of 1mage signal transmitted
per unmt time.

In particular, the image display unit 8 that performs using
a display technique of pixel shifting a high density display of
the received 1mage signal A by the image display unit 7
having fewer pixels than those 1n the received image signal A,
comprises the sampling unit 3 that has at least two sampling
phases different from each other and samples at the sampling
phases from the recerved 1image signal B, second image sig-
nals C and D each having the same number of pixels as the
image display unit 7, wherein the image display unit 7 dis-
plays using the pixel shifting the image signals E and F having
been corrected from the second image signals by using the
respective different grayscale characteristics, as 1image sig-
nals corresponding to the respective sub-frame images.
Therefore, without increasing the amount of 1mage signal
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transmitted per unit time, a high resolution can be achieved
and 1mage quality 1in displaying motion pictures can be
improved.

Moreover, the image combining unit 6 1s further included
that combines the 1image signals E and F having been cor-
rected by using the respective grayscale characteristics dif-
terent from each other, to output the combined image signal
(G, and the image display unit 7 splits the combined image
signal G(t) combined by the image combiming unit 6 into the
plurality of third image signals H(t) and H(t+0.5) each having,
the same number of pixels as the image display unit 7, to
display using the pixel shifting the third image signals as
image signals corresponding to the respective sub-frames
images. Therefore, by adding only the image combining unit
6 to an 1image display apparatus having been already provided
with the image display unit 7 having the display function of
shifting pixels, a high resolution can be achieved and 1image
quality 1n displaying motion pictures can also be improved
without increasing the amount of image signal transmitted to
the 1mage display unit per unit time.

Furthermore, since the different sampling phases of the
sampling unit 3 correspond to display pixel positions of the
respective sub-frames displayed by the image display unit 7
using the pixel shufting, an image of a recerved 1image signal
can be properly displayed as an image of high density and
high definition by the image display unit 7 having fewer
pixels than those 1n the received 1mage signal.

Furthermore, since at least one of the grayscale-conversion
characteristics different from each other 1s a characteristic
that makes halftones 1n an iputted image signal brighter and
at least another one 1s a characteristic that makes the halitones
darker, the integrated amount of swing of an object on the
retina, when motion pictures are displayed, 1s effectively
suppressed and the amount of motion blur 1s reduced, so that
image quality can be improved.

Embodiment 2

FIG. 11 1s a block diagram 1llustrating a configuration of
another 1mage display apparatus 13 according to the present
invention. The difference from FIG. 1 in Embodiment 1 1s 1n
that a gray-level correction unit 14 1s further provided with a
high-frequency correction unit 5 having high-frequency cor-
rection-amount generation sections SA and 5B, into which
the image signals E and F are inputted, at the stage subsequent
to the gray-level correction sections 4A and 4B, respectively,
and having an adder SC that adds together the 1image signal E
and an 1mage signal 1 outputted from the high-frequency
correction-amount generation section 5A and a subtracter SD
that subtracts from the image signal F an image signal J
outputted from the high-frequency correction-amount gen-
eration section 5B. Other constituents are the same as those of
Embodiment 1; their explanations are therefore omitted.

Operations from the image generation umt 1 to the gray-
level correction sections 4A and 4B are also the same as those
of Embodiment 1; the explanations for the common opera-
tions are omitted.

FIG. 12 1s a block diagram 1llustrating 1n detail the high-
frequency correction-amount generation section 5A included
in the high-frequency correction unit 5. The high-frequency
correction-amount generation section 5A has a high-fre-
quency-component detection part SAA and an enhancement-
amount generation part SAB.

An operation of the high-frequency correction-amount
generation section SA will be explained here with reference to
FIG. 13.

The 1image signal E outputted from the gray-level correc-
tion section 4A 1s mputted into the high-frequency-compo-
nent detection part SAA of the high-frequency correction unit
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5. An example of the image signal E 1s shown 1n FIG. 13 (a),
where the horizontal axis denotes pixel positions and the
vertical axis denotes a grayscale. The high-frequency-com-
ponent detection part SA A calculates differential values dE of
the mputted 1mage signal E. The result of differentiating the
signal E in FIG. 13 (a) 1s shown 1in FIG. 13 (5). Moreover, the
high-frequency-component detection part SAA outputs a
high-frequency-detected signal N that 1s obtained by chang-
ing the signs of the differential results dE as shown 1n FI1G. 13
(c).

The high-frequency-detected signal N outputted from the
high-frequency-component detection part SAA 1s inputted
into the enhancement-amount generation part SAB. The
enhancement-amount generation part SAB multiplies the
high-frequency-detected signal N by a predetermined correc-
tion coetlicient ENH as shown 1n FIG. 13 (d), to output the
multiplication result as the high-frequency-corrected signal I.

Operations of a high-frequency-component detection part
5BA and a enhancement-amount generation part SBB 1n a
high-frequency correction-amount generation section 3B are
the same as those of the high-frequency-component detection
part 5AA and the enhancement-amount generation part SAB,
respectively; the explanations of the operations are therefore
omitted.

FIG. 14 shows charts 1llustrating the signals inputted nto
and outputted from the adder 5C. FIG. 14 (a) shows the image
signal E outputted from the gray-level correction section 4 A,
and FIG. 14 () shows the high-frequency-corrected signal I
outputted from the high-frequency correction-amount gen-
cration section 5A. The adder 5C adds together the image
signal E and the high-frequency-corrected signal 1, to output
the addition result as an 1mage signal K shown in FIG. 14 (¢).

FIG. 15 shows charts 1llustrating the signals inputted nto
and outputted from the subtracter SD. FIG. 135 (a) shows the
image signal F outputted from the gray-level correction sec-
tion 4B, and FI1G. 15 () shows the high-frequency-corrected
signal ] outputted from the high-frequency correction-
amount generation section S3B. The subtracter 5D subtracts
the high-frequency-corrected signal J from the image signal
F, to output the subtraction result as an 1mage signal L. shown
in FIG. 15 (¢).

The 1mage combining unit 6 combines the 1mage signal K
outputted from the adder 5SC and the image signal L outputted
from the subtracter 5D, to output a combined 1mage signal M
into the image display unit 7. Whereas the image display unit
7 displays the combined image signal M while performing the
pixel shifting, 1ts explanation 1s omitted here because the
explanation 1s overlapped with that of the combined image
signal G 1n Embodiment 1.

As explained above, the gray-level correction unit 14 is
turther provided with the high-frequency correction unit 5
that high-frequency-corrects the image signals E and F, hav-
ing been corrected from the second 1mage signals C and D,
using the high-frequency-corrected signals I and J generated
based on high-frequency components of the image signals E
and F, respectively: the high-frequency correction 1s per-
formed by adding the high-frequency-corrected signal I to the
image signal E having been corrected by using the grayscale
characteristic that makes halftones brighter and by subtract-
ing the high-frequency-corrected signal J from the image
signal F having been corrected by using the grayscale char-
acteristic that makes halftones darker. Therefore, without
increasing the amount of 1image signal transmitted to the
image display unit per unit time, motion blur, when motion
pictures are displayed, can be effectively reduced as well as a
sense of resolution, when still pictures are displayed, can be
improved.
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Embodiment 3

FIG. 16 1s a block diagram illustrating a configuration of a
high-frequency correction-amount generation section 15A
included 1n a high-frequency correction unit 5 of Embodi-
ment 3. The difference from the high-frequency correction-
amount generation section 5SA shown i FIG. 12 in Embodi-
ment 2 1s 1n that a negative-value limiting part SAC 1s added
at the stage subsequent to the high-frequency-component
detection part SAA. Other constituents are the same as those
in Embodiment 2; their explanations are therefore omaitted.

An operation of the high-frequency correction-amount
generation section 15A 1s explained here with reference to
FIG. 17.

The image signal E outputted from the gray-level correc-
tion section 4A to the high-frequency correction unit 5 1s
inputted into the high-frequency-component detection part
5AA. An example of the image signal E 1s shown in FI1G. 17
(a), where the horizontal axis denotes pixel positions and the
vertical axis denotes a grayscale. The high-frequency-com-
ponent detection part SAA calculates differential values dE of
the mputted 1mage signal E, to output a high-frequency-de-
tected signal N that 1s obtained by changing the signs of the
differential results as shown in FIG. 17 (b).

The high-frequency-detected signal N outputted from the
high-frequency-component detection part SAA 1s iputted
into the negative-value limiting part SAC. The negative-value
limiting part SAC, as shown in FIG. 17 (¢), substitutes a value
of zero for negative values 1n the inputted high-frequency-
detected signal N, to output the substitution result as a nega-
tive-value-limited high-frequency-detected signal N".

The negative-value-limited high-frequency-detected sig-
nal N" outputted from the negative-value limiting part SAC 1s
inputted into the enhancement-amount generation part SAB.
The enhancement-amount generation part SAB, as shown 1n
FIG. 17 (d), outputs as a high-frequency-corrected signal I the
result of multiplying the negative-value-limited high-ire-
quency-detected signal N" by a predetermined correction
coellicient ENH.

FIG. 18 shows charts illustrating signals inputted into and
outputted from the adder 5C. FIG. 18 (a) shows the image
signal E outputted from the gray-level correction section 4 A,
and FIG. 18 () shows the high-frequency-corrected signal I
outputted from the high-frequency correction-amount gen-
eration section 15A. The adder SC adds together the 1mage
signal E and the high-frequency-corrected signal I, to output
the addition result as an 1mage signal K shown in FIG. 18 (¢).

Thereby, the 1mage signal E whose halftones have been
corrected to be brighter by the gray-level correction section
4 A, 1n contrastto the output of the adder 5C shown in F1G. 14,
1s not made darker by the high-frequency-corrected signal 1.

FI1G. 19 shows charts illustrating signals inputted into and
outputted from the subtracter 53D. FIG. 19 (a) shows the
image signal F outputted from the gray-level correction sec-
tion 4B, and FIG. 19 () shows a high-frequency-corrected
signal J outputted from the high-frequency correction-
amount generation section 15B. The subtracter SD subtracts
the high-frequency-corrected signal J from the 1image signal
F, to output the subtraction result as an image signal L as
shown 1n FIG. 19 (¢).

Thereby, the image signal F whose halftones have been
corrected to be darker by the gray-level correction section 4B,
in contrast to the output o the subtracter 5D shown in FI1G. 15,
1s not made brighter by the high-frequency-corrected signal J,
so that the integrated amount of swing can be eflectively
reduced.

As explained above, the high frequency correction unit 15
has negative-value limiting parts SAC and 5BC that, when
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negative values are detected 1in the high-frequency-detected
signals N, substitute the value zero for the negative values to
output only positive values in the negative-value-limited
high-frequency-detected signals N". Therefore, without
increasing the amount of 1image signal transmitted to the
image display unit per unit time, motion blur, when motion
pictures are displayed, can be effectively reduced as well as a
sense of resolution, when still pictures are displayed, can be
improved.

What 1s claimed 1s:

1. An 1mage display apparatus that displays a frame 1image
by successively displaying sub-frame 1mages consisting of a
plurality of respective pixel groups split from the frame
image, the 1image display apparatus comprising:

a sampling unit having at least two sampling phases differ-
ent from each other, for sampling second 1image signals
from a recerved 1image signal at said at least two sam-
pling phases, the second 1image signals corresponding to
the respective at least two sampling phases;

a gray-level correction unit for correcting the second 1mage
signals each being split from the recerved 1image signal
and corresponding to the sub-frames, using respective
grayscale characteristics different from sub-frame to
sub-frame; and

an 1mage display unit for displaying, using a display tech-
nique of pixel shifting, the sub-frame 1mages of the
image signals that have been corrected by using the
respective different grayscale characteristics by the
gray-level correction unit.

2. The image display apparatus of claim 1, wherein a high
density display of the received image signal 1s performed
using the display technique of pixel shifting by the image
display unit having fewer pixels than those in the recerved
image signal.

3. The image display apparatus of claim 1, further com-
prising an 1mage combining unit for combining the 1mage
signals that have been corrected from the second image sig-
nals by using the respective different grayscale characteristics
by the gray-level correction unit, to output a combined 1image
signal,

wherein the image display unit splits the combined 1image
signal into a plurality of third image signals each having
the same number of pixels as the image display unit, to
display using the pixel shifting the third image signals as
image signals corresponding to the respective sub-frame
1mages.

4. The image display apparatus of claim 1, wherein the
different sampling phases of the sampling unit correspond to
pixel display positions of each sub-frame displayed by the
image display unit using the pixel shifting.

5. The image display apparatus of claim 3, wherein the
different sampling phases of the sampling unit correspond to
pixel display positions of each sub-frame displayed by the
image display unit using the pixel shifting.

6. The image display apparatus of claim 1, wherein at least
one of the respective grayscale characteristics 1s a grayscale
characteristic that makes halftones 1n an mnputted 1mage sig-
nal brighter, and at least another one of the respective gray-
scale characteristics 1s a grayscale characteristic that makes
halftones in the mputted 1image signal darker.

7. The image display apparatus of claim 2, wherein at least
one of the respective grayscale characteristics 1s a grayscale
characteristic that makes halitones 1n an inputted image sig-
nal brighter, and at least another one of the respective gray-
scale characteristics 1s a grayscale characteristic that makes
halftones in the mputted 1image signal darker.
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8. The image display apparatus of claim 6, wherein the
gray-level correction unit further comprises a high-frequency
correction unit for high-frequency-correcting the gray-level-
corrected 1mage signals using respective high-frequency-cor-
rected signals generated based on high-frequency compo-
nents of the respective gray-level-corrected 1mage signals,
and the gray-level correction unit performs a high-frequency
correction by adding one of the high-frequency-corrected
signals that 1s generated from one of the image signals that has
been corrected by using the grayscale characteristic that
makes halftones brighter, to the one of the 1image signals, and
by subtracting another one of the high-frequency-corrected
signals that 1s generated from another one of the image signals
that has been corrected by using the grayscale characteristic
that makes halftones darker, from the another one of the
image signals.

9. The image display apparatus of claim 7, wherein the
gray-level correction unit further comprises a high-frequency
correction unit for high-frequency-correcting the image sig-
nals having been gray-level-corrected from the second image
signals by respective high-frequency-corrected signals gen-
erated based on high-frequency components of the respective
image signals having been gray-level-corrected from the sec-
ond 1mage signals, and the gray-level correction umt per-
forms a high-frequency correction by adding one of the high-
frequency-corrected signals that 1s generated from one of the
image signals that has been corrected from its corresponding
second 1image signal by using the grayscale characteristic that
makes halftones brighter, to the one of the 1mage signals, and
by subtracting another one of the high-frequency-corrected
signals that1s generated from another one of the image signals
that has been corrected from 1ts corresponding second image
signal by using the grayscale characteristic that makes hali-
tones darker, from the another one of the 1mage signals.

10. The image display apparatus of claim 8, wherein the
high-frequency correction unit further has negative value lim-
iting parts for substituting, when negative values are detected
in the high-frequency-corrected signals, a value zero for the
negative values to output only positive values.

11. The image display apparatus of claim 9, wherein the
high-frequency correction unit further has negative value lim-
iting parts for substituting, when negative values are detected
in the high-frequency-corrected signals, the value zero for the
negative values to output only positive values.

12. An 1mage processing apparatus adapted for an image
display apparatus including an 1mage display umt that dis-
plays sub-frame 1mages using a display technique of pixel
shifting, the 1image processing apparatus comprising:

a sampling unit having at least two sampling phases difier-
ent from each other, for sampling second 1image signals
from a recerved 1image signal at said at least two sam-
pling phases;
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a gray-level correction unit for correcting the second 1mage
signals using respective grayscale characteristics differ-
ent from each other; and

an 1mage combining unit for combining the 1mage signals
that have been corrected from the respective second
image signals by the gray-level correction unit, to output
a combined 1mage signal constituting a frame 1mage,
wherein the sub-frame 1mages consists of a plurality of
respective pixel groups split from the frame image.

13. An 1mage display method that displays on a display
device a frame 1mage by successively displaying sub-frame
images consisting of a plurality of respective pixel groups
split from the frame 1mage, the image display method com-
prising;:

an 1mage reception step of recerving an 1image signal;

a sampling step of sampling second image signals from the
received 1mage signal at at least two sampling phases
different from each other, the second 1image signals cor-
responding to the respective at least two sampling
phases;

a gray-level correction step of correcting the second image
signals each being split from the recerved 1image signal
and corresponding to the sub-frames using respective
grayscale characteristics different from sub-frame to
sub-frame; and

an 1mage display step of displaying, using a display tech-
nique of pixel shifting, on said display device the sub-
frame 1mages of the 1mage signals that have been cor-
rected by using the respective different grayscale
characteristics 1n the gray-level correction step.

14. The image display method of claim 13, wherein, in the
image display step, a high density display of the recerved
image signal 1s performed using the display technique ol pixel
shifting by an 1mage display unit having fewer pixels than
those 1n the received 1mage signal.

15. The image display method of claim 13, further com-
prising:

an 1mage combining step ol combining the 1mage signals
that have been corrected from the second 1image signals
by using the respective different grayscale characteris-
tics 1n the gray-level correction step, to output a com-
bined 1mage signal; and

an 1mage signal splitting step of splitting the combined
image signal into a plurality of third image signals each
having the same number of pixels as an 1image display
unit, wherein

in the image display step, the third image signals are dis-
played using the pixel shifting as image signals corre-
sponding to the respective sub-frame images by the
image display unit.
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